Cognitive and biological theories of emotion consider surprise as an emotional response to unexpected events. Four experiments examined the latency and the duration of one behavioural component of surprise: The interruption of ongoing action. Participants were presented with an unannounced visual eventÐthe appearance of new perceptual objectsÐduring the execution of a continuous actionÐa rapid alternate finger tappingÐwhich allowed a precise measurement of the latency, and the duration of an action interruption induced by the surprising event. Of the participants, 78% interrupted the tapping with a mean latency of 214 ms and a mean duration of 995 ms. Variations of the number and perceptual heterogeneity of the new objects revealed that the perceptual analysis of the surprising event contributes significantly to the interruption duration.
surprise is distinct from other emotions because its feeling component lacks a strong hedonic valence, it is probably also important for the valenced emotions, such as happiness, anger, or fear: Through surprise, important information that might otherwise be ignored is analysed, appraised, or reappraised (e.g., Lazarus, 1991; Meyer, Reisenzein, & Schu Ètzwohl, 1997; Weiner, 1986) . Unexpectedness actually figures prominently in Scherer's (1984a Scherer's ( , 1984b process model of appraisals: Together with novelty, unexpectedness is the first target of a sequence of stimulus evaluation checks. Moreover, Scherer (1984a Scherer ( , 1984b Leventhal & Scherer, 1987) assumes that the novelty/unexpectedness check triggers the execution of other appraisal processes (Weiner, 1986 , expressed a similar view with respect to emotion-relevant attribution processes). This hypothesis is supported, for example, by Roseman, Antoniou, and Jose's (1996) study on appraisal determinants of emotions, where most emotion-eliciting events were, on average, somewhat unexpected (see also Frijda, Kuipers, & ter Schure, 1989) . Thus, surprise frequently constitutes an early stage in emotion elicitation that merges with other emotions (e.g., happiness, anger, or sadness), which follow it (see Shand, 1914) .
The surprise module
In this paper, I will assume an evolutionary perspective and conceive of the mechanism underlying surprise as an evolved emotion module (e.g., Meyer et al., 1997 ). An emotion module basically comprises a detector and a response programme (see Reisenzein & Horstmann, in press , who refer to McDougall's, 1908 , instinct theory of evolved emotions; see also O È hman & Mineka, 2001 and Tooby & Cosmides, 2000 , for more recent descriptions of evolved modules). Adequate stimulation excites the detector, which in turn activates the response programme. The response programme, finally, triggers changes in physiology, behaviour, cognition, and consciousness. In the case of surprise, these changes include the interruption of ongoing cognitive and motor processes (e.g., Darwin, 1872; Horstmann, 2001 Horstmann, , 2002 Horstmann & Schu Ètzwohl, 1998; Meyer, Niepel, Rudolph, & Schu Ètzwohl, 1991; Meyer et al., 1997; Niepel, 2001; Niepel, Rudolph, Schu Ètzwohl, & Meyer, 1994; Plutchik, 1980; Scherer, 1984a; Shand, 1914) , the reorienting or refocusing of attention (Horstmann, 2002, in press-a, in press-b; Meyer et al., 1991; Wilcocks, 1928) , the feeling of surprise (e.g., Reisenzein, 2000; Schu Ètzwohl & Krefting, 2001) , the arousal of epistemic motivation (Stiensmeier-Pelster, Martini, & Reisenzein, 1995) , physiological changes, such as bradycardia and the galvanic skin response (e.g., Niepel, 2001) , and possibly other changes (such as the tendency to show a particular facial expression, Reisenzein, 2000) .
Surprise is triggered by events that deviate from expectations (or, what is equivalent in the present treatment, the mental model of the present situation). More precisely, the detector of the surprise module is assumed to monitor through a continuous, automatic, and nonconscious process the coherence of ongoing events with the dynamic mental model of the situation (cf. Neisser, 1976; Rumelhart, 1984) . The mental model incorporates expectancies in the sense that on its basis, certain aspects of the situation (e.g., objects, actors, or actions) are assumed to be present rather than others, and certain changes in the situation are assumed to occur rather than others. The mental model of the present situation allows an anticipation of immediately forthcoming changes (events), and is thus the computational basis for fast and smooth preplannedÐin contrast to reactiveÐbehaviour.
In the present context, the concept of expectancy is not restricted to consciously represented guesses about the future, or intentional hypothesis testing. Rather, the vast majority of the expectancies are thought to be implicit and have no conscious reflection, whereas conscious expectancies, and a conscious desire to test them, occur only in specific circumstances (e.g., when a personal important goal-state is about to be realised). Explicit and implicit expectancies probably differ in their complexity. Explicit expectancies canÐin principleÐbe indefinitely complex and specific. In contrast, implicit expectancies are usually simpler and less specific. One reason for the lack of specificity is that implicit expectancies are based on schemas, which in turn represent the typical appearance and actions of events, actors, and situations, and which are formed as abstractions from past (and often numerous) experiences (e.g., Rumelhart, 1984; Rumelhart & Norman, 1978) . Implicit expectancies are assumed to exist at all levels of representation, and the discrepancy detector is accordingly assumed to automatically detect a wide range of discrepancies, such as an event's unexpected appearance concerning time or space, its unexpected perceptual appearance, or its implications that are assessed on the level of autobiographic or semantic processing levels.
Most encountered events are coherent with the mental model and can thus be responded to as planned (i.e., according to the intended course of action). Moreover, the emotional meaning of an expected event (i.e., its appraisal) is incorporated in the mental model and thus also immediately available when the expected event occurs (e.g., Reisenzein, 2001) . In contrast, an event that is incongruent with (or discrepant to) the mental model poses a problem for the currently pursued course of action in two respects: first, the discrepant event has not been considered in previous action planning, implying that its relevance to current short-lived and enduring goals has yet to be determined. For example, if, after work, on reaching my car, I were to find the door open, I might have second thoughts about getting in and driving away as usual. Second, the discrepant event questions the premises on which the mental model is based. For example, the detection of the open door would challenge my conviction that the university parking lot is a relatively safe place.
The deviation of an event from expectancy is assumed to be treatable as a quantity, and surprise is elicited if this quantity exceeds some threshold. Saying that surprise is elicited is a short-cut for saying that the surprise module triggers certain changes, the most important ones being the interruption of ongoing cognitive and motor processing, the focusing of attention towards the surprising event, and the feeling of surprise. These three components are assumed to promote the analysis and evaluation of the surprising event as well as the updating of the knowledge base that underlies the action-guiding mental model in the following way (Meyer et al., 1997) : (a) the focusing of attention renders the surprising information accessible to higher order cognitive processes, (b) the interruption of cognitive and motor processes reduces interference introduced by other cognitive and motor processes, that would impede or slow down stimulusanalysis and response-preparation processes targeted at the surprising event, and (c) the feeling of surprise signals the current state of surprise in consciousness, and may give an initial motivational impetus for those analyses and response processes that do not unfold automatically (some processes are presumably automatic and therefore do not need a motivational impetus, cf. Meyer et al., 1997) .
Experimental evidence
Consistent with this model, Meyer et al. (1991; see also Niepel et al., 1994) showed that an unannounced change in the appearance of a task-irrelevant distractor delays the response to an imperative stimulus that follows it. Based on the assumption that surprise is elicited by events that deviate from expectations or cognitive schemas, Meyer et al. (1991) presented distractors (two words) with a constant appearance (in black letters on a white background) in the precritical trials to lure the participants to expect this appearance in the upcoming trials as well (see also, Wilcocks, 1928) . The imperative stimulus was a dot that appeared above or below the words; the position of the dot was the discriminative feature for a two choice reaction time (RT) task.
In the critical trial, the appearance of one of the words was different from the precritical trials (white letters on a black rectangle) for the first time and without prior information. Note that the words, or their appearance, were completely irrelevant for the participants' task: There was thus no reason to attend to them at all, or to test explicit expectations about them. The results revealed a significant RT delay in the critical trial (indicating an action interruption), high ratings of surprise (indicating subjective surprise), and high recall rates for the discrepant word in an unannounced recall test (indicating attention to the word). The action-delaying effect of the display change in the critical trial was stronger with a 500 ms stimulus onset asynchrony (SOA) between the distractor and the imperative stimulus than with 0 ms SOA, indicating some initial inertia of the action interruption. Further, the action delay was also stronger with a 500 ms SOA than with a 2000 ms SOA, indicating that the effect is rather short-lived. This action-delaying effect for unexpected visual stimuli has been replicated frequently (e.g., Horstmann, 2002; Horstmann & Schu Ètzwohl, 1998; Schu Ètzwohl, 1998) .
According to the surprise model by Meyer et al. (1997) , these results are explained as follows. The response to the imperative stimulus is delayed because the pursuing of the RT task is interrupted, and the surprising event is analysed instead. In particular, the action delay can be analysed into four component processes: (1) the detection of the discrepancy; (2) the interruption of the present task; (3) the processing of the surprising event; and finally (4) the resumption of the RT task. The interruption is a direct and reflexive consequence of the discrepancy detection, enabling the immediate (analysis does not have to wait until other processes have finished) and efficient (analysis does not have to share processing resources with other tasks) analysis of the surprising event. The processing of the surprising event includes, most importantly, appraisal processes, such as the determination of the event's goal relevance and its implications for well-being (cf. Roseman et al., 1996; Scherer, 1984a) . Only after these processes have arrived to the conclusion that no immediate action must be taken, is the interrupted task resumed.
Objective 1: Revealing the interruption in a continuous action
Examining the RT delay as an indicator of the action interruption has two drawbacks. First, a sceptic may object that a RT delay is not tantamount to an interruption: the RT delay may have resulted from a delayed beginning of the response-related processes rather than from an interruption of these processes after they began. That is, the assumption that ongoing actions are literally interrupted may be unfounded, and a weaker hypothesis may be correct, being that surprise issues a new urgent action goal (e.g., to explore the surprising event) such that other planned actions are deferred. Second, the RT delay always reflects the interruption latency plus the duration of the subsequent analysis of the surprising event, and to disentangle these effects is of interest.
The first aim of the present work was to provide direct evidence for an actioninterrupting effect of surprise, and to separately measure the latency of the action interruption and the duration of the action suspension. This was done by using the continuous-task paradigm (Horstmann, 2001 ; see also Horstmann, 2003 , for an application of the continuous-task paradigm to voluntary action interruptions). The participants in this paradigm respond to stimuli that signal either to execute a continuous task, or to be inactive. The continuous task is a rapid alternate finger tapping (RAFT), where the two index fingers are used to tap two neighbouring keys in the lower row of a computer keyboard quickly and alternately. This task usually produces a record of approximately 10 taps (i.e., key depressions) per second, which can be used to infer whether the participant is tapping or not. An action interruptionÐwhether intentional (as a response to a signal to stop), or involuntarily (as a response to a surprising stimulus)Ðcan be easily assessed as a drop in tapping performance. Furthermore, the latency and the duration of the interruption can be estimated, as the beginning and the end of the interruption.
Objective 2: Determining the latency of the action interruption Determining the latency of the action interruption is of interest for several reasons. The most comprehensive one is that the determination of mental processes and their temporal characteristics is a general aim of psychological research (e.g., Posner, 1978) . Additionally, the timing of events is also relevant for more specific questions. Assuming that surprise is coordinated by an evolved surprise module, one would expect that the components of surprise are triggered quickly (e.g., O È hman & Mineka, 2001 ). As outlined above, no conscious decisions are assumed to intervene between stimulus perception, discrepancy detection, and action suspension. This suggests that in the ideal case (see below), the action interruption would be triggered very fast. Analogous predictions can be derived from Scherer's (1984a Scherer's ( , 1984b Leventhal & Scherer, 1987) theory, because the novelty/unexpectedness check relevant for surprise is assumed to be the very first to be accomplished. Measuring the latency of the action interruption was the main purpose of the present experiments.
A short reflection reveals that the latency of surprise cannot be consistent over different surprise-eliciting stimuli. Depending on the nature of the discrepancy, the stimulus processing would need different amounts of time: Detecting a cracking sound in a silent environment is probably faster than detecting a contradiction between a set of propositions. That is, sometimes, the simple perception of the presence of the stimulus is expectancy-discrepant, whereas in other cases, the very nature of the discrepancy requires higher cognitive processes. In the present experiments, the surprising event was chosen such that higher cognitive processes play no role; rather, it was the very presence of some of the stimuli in the critical trial that was intended to be surprising. This was done in order to estimate the very minimum of the latency of the action interruption.
Objective 3: Determining factors influencing the duration of the action interruption
The determination of factors that influence the interruption duration is important for two reasons. First and most important, it gives information about the processes that occur between the interruption and the resumption of the action.
The duration of the action interruption should vary with the effort necessary to analyse and evaluate the surprising event (Meyer et al., 1997) as well as with the difficulty of updating the knowledge base that had failed to predict the surprising event (e.g., Horstmann & Schu Ètzwohl, 1998; Schu Ètzwohl, 1998) . For example, Meyer et al. (1997) have shown that surprising stimulus substitutions that are easily recognised as action-irrelevant induce less interference in a concurrent RT task than changes whose action relevance is more difficult to determine. This result supports the assumption that the action relevance of an event is analysed before the action is resumed.
The present experiments tested the extent to which the interruption duration is affected by processes related to the perceptual analysis of the unexpected event. Clearly, before higher order appraisal and schema-updating processes can be successfully executed, it is important to know more about the exact nature of the unexpected event. This is particularly true in cases when the expectancy discrepancy is detected preattentively, that is, before attention is directed to the discrepant object (e.g., Horstmann, 2002; in press-a, in press-b) . In this case, only the presence of the discrepancy, but no further detail about the unexpected event is initially available for processing, and further analysis of the surprising event demands the direction of attentional processes towards the event (e.g., Treisman & Gelade, 1980; Wolfe, 1994) . Additionally, Meyer et al. (1991) have assumed that one of the immediate responses to surprising events is the``discrepancy verification'': One verifies that one has seen correctly, heard correctly, or has drawn the correct inferences. The discrepancy detection also often involves a perceptual analysis.
It was reasoned that the effort (and the duration) of the perceptual analysis of unexpected events depends on their characteristics, such as the number of objects that constitute the unexpected event, their homogeneity, complexity, meaningfulness, etc. In order to test whether a perceptual analysis of the surprising event is part of the processes occurring during the action suspension, the experiments varied factors assumed to affect the duration of the perceptual analysis, and assessed the effect of this manipulation on the duration of the action suspension.
A secondary aim was to identify conditions under which the action interruption can be elicited reliably and, beyond that, with duration long enough to ensure that it could be registered in an experiment with a high degree of reliability. It is clear that if the tapping is not suspended long enough, a genuine present action interruption would be very difficult to discriminate empirically from the naturally occurring intervals between consecutive taps. Tapping in this task proceeds normally with an average interval of 120 ms between two successive taps (interresponse interval; IRI, e.g., Horstmann, 2003) , and although tapping performance is normally not very variable, naturally occurring IRIs between consecutive taps must be distinguished from the surprise-induced interruption by some specific criterion. The present experiments were partially conducted to establish experimental conditions for future research that maximise the number of participants that interrupt tapping at all and with an interruption long enough to identify it.
Overview of the present experiments
Four experiments are reported. Participants worked on a task portrayed to assess the speed of starting and stopping a simple motor task. They were presented with a continuous stream of visual signals to perform the tapping or to rest. The signals were presented within a small frame at the centre of the screen. The participants engaged in three experimental blocks in total. At the end of the third block, one, four, or eight objects (depending on experiment and condition) appeared in parafoveal vision. These were the surprise stimuli. (Note that the term``surprise stimulus'' is a verbal short-cut that denotes a stimulus that is intended to elicit surprise, analogously as the term orientating stimulus is used to denote the stimulus that is intended to elicit an orienting response.) When the surprise stimuli appeared, the participants had just (i.e., for a few seconds) started the tapping, and the stimuli were presented simultaneously with a signal to continue tapping. The presentation of the continue signal was done to ensure that there was no uncertainty that the tapping had to be continued when the surprise stimuli were presented.
Experiment 1 varied the number of objects presented in the surprise trial, with all objects being of the same type. Experiment 2 compared a condition with multiple instances of one object with a condition with the same number of different objects as surprise stimuli. Experiment 3 was based on the observation that the surprise stimuli in Experiments 1 and 2 were similar to the target display where the signals to tap or to rest were displayed, in that all stimuli were surrounded by a frame of the same size. Experiment 3 replicated the design of Experiment 2 but used new objects that were quite dissimilar to the target display: Schematic drawings of facial expressions (Musterle & Ro Èssler, 1986 ; see also Horstmann, 2002) . Experiments 2 and 3 were based on the assumption that the analysis of different objects is longer lasting than the repeated analysis of multiple instances of the same object type. Experiment 4 again varied the number of presented objects, but in a different range (1 vs. 4).
The main predictions can be summarised as follows. First, the presentation of the additional stimuli was assumed to trigger surprise. In particular, it was assumed that during the first two experimental blocks, a mental model was established that specified the general layout of the screen, and to which the very presence of the surprise stimuli was discrepant. It might seem that the surprising event tested here is of a very primitive variant, just consisting of a simple visual stimulus presented on the computer screen, with no personal meaning for the observer. However, current emotion theories assume expectancy discrepancy to be the sole condition for the elicitation of surprise (e.g., Meyer et al., 1997; Plutchik, 2003; Roseman, 1991; Roseman, Antoniou, & Jose, 1996 ; see also Teigen & Keren, 2003) , and that personal meaning is assessed only after surprise in the narrower sense has occurred (e.g., Leventhal & Scherer, 1987; Meyer et al., 1997; Scherer, 1984a Scherer, , 1984b . As a manipulation check, the participants were asked, a few seconds after the surprising event, whether something unexpected had occurred in the last trial, and they rated the experienced surprise (or the lack of it) on a rating scale. Most importantly, however, participants were predicted to interrupt tapping immediately following the presentation of the surprise stimuli.
Second, the latency of the interruption was expected to be short, and possibly even shorter than the latency of the intentional interruption in response to the stop signals in the precritical trials. This prediction is suggested by the assumption that the detection of the discrepancy and the initiation of the interruption are automatic, and that the surprising event tested in the present experiments is one of the simplest possible variants.
Third, it was predicted that the duration of the action suspension would be longest when many objects were presented in the critical trial, and when these objects were perceptually different. This was predicted on the assumption that a perceptual analysis of the objects was conducted during the action interruption.
EXPERIMENT 1
In Experiment 1, participants performed the RAFT task, which required a response to the letters T and H. The letter T was the signal to tap, and the letter H was the signal to rest. The letters appeared unpredictably in a random order, one at a time, such that each letter required a decision on whether the current action was to be changed or not. For example, in the sequence of signals H T T H H, the first letter (H) signals to rest, the second letter (T) signals to start tapping, the third letter (T) signals to continue tapping, the fourth letter (H) signals to rest (to stop tapping), and the last letter (H) signals to continue resting. Because the letters were presented singly and because the identity of the forthcoming letter was unpredictable, each letter had to be identified and a decision with respect to its implications for action had to be made. The participants were instructed to respond quickly and accurately to the signals, and to tap fast and uniformly. Tapping here means that the participants rapidly alternated between pressing and releasing two different keys with the two index fingers (as when one types ghghghghg as fast as possible; actually the two response keys were the arrowleft and arrow-down keys in the lower row of the keyboard). No reference was made to the possibility of the presentation of additional stimuli in the course of the experiment; rather, participants were made to believe that the experiment dealt with the RTs and accuracy of the action changes (i.e., starts and stops) in the RAFT task. The critical trial, where the new objects (4 vs. 8) were presented to elicit surprise, occurred in the fourth block. The presentation of the new objects was preceded by a start signal to ensure that the participants were already tapping when the new objects appeared, and they were simultaneously presented with a continue tapping signal.
Two groups were tested that differed only in the number of stimuli presented in the critical trial. It was reasoned that if the perceptual analysis is an important determinant of the duration of the action suspension, the duration should be longer with 8 than with 4 stimuli.
Method
Participants. Ten men and 23 women participated in the experiment. Their mean age was 23.9 years (SD = 3.2). Compensation was 2 DM (about 1).
Apparatus. A microcomputer, equipped with an Intel 80486/100MHz CPU, with a keyboard and a 15 inch computer monitor, was used for stimulus presentation and response registration. Stimuli were presented with a resolution of 640 6 480 pixels and a refresh rate of 72.5 Hz. Response keys were two adjacent keys on the lower row of the keyboard (arrow left and arrow down). ERTS (Experimental Run Time System; BeriSoft Cooperation) was used for event scheduling and reaction time measurement.
Design. Participants were randomly assigned to one of two experimental conditions that differed only in the surprise trial. In this trial, 4 or 8 new stimuli were presented.
Stimuli. All stimuli were composed of black pixels presented against a white background. Viewing distance was about 60 cm. A stationary frame at the centre of the screen was presented through all the trials within a block. The frame subtended 1.78 6 1.78 of visual angle. The letters T and H, which served as signals to tap or halt, as well as the digits 1, 2, and 3, which were used during a countdown to each experimental block, had a height of 0.48 of visual angle. The new objects were all the same, each composed of a diamond-shaped quadrangle within a 1.78 6 1.78 frame (Figure 1 ).
Procedure. Each block began with a 3 second presentation of the warning:`P lease keep your index fingers near the response keysÐthe experiment will start immediately''. The warning message was replaced by the stationary frame. In the centre of the frame, the digits 3, 2, and 1 were presented for 2 s each. This 6 s countdown was intended to enable the participants to prepare for the first signal. The signals were presented within the stationary frame by successively traversing four positions within the frame, each the 08 (top), 908, 1808, and 2708 position of an imaginary circle. The onset of a new signal was simultaneous with the offset of the previous signal. Whereas the position of the next signal was predictable due to the clockwise rotation, the stimulus onset asynchrony (SOA) was not. Except for the last two signals presented in the experiment, the SOA varied randomly between 1200 ms and 3200 ms with an expectancy value of 1600 ms. The resulting time uncertainty was intended to reduce a tendency for anticipatory responses.
The first three blocks were random sequences of 10 signals to tap (T) and 10 signals to halt (H) each. The participants were instructed to tap fast and uniformly and to respond quickly and accurately to the signals. In particular, they were requested to start tapping only after the appearance of a T, and to continue a fast and uniform tapping until the appearance of an H. The first block served to familiarise the participants with the task. During this practice block, they were supervised by the experimenter; she encouraged the participants to tap rapidly and uniformly, and to respond rapidly to the signals while avoiding false or anticipatory responses. During the remaining three blocks, the experimenter occupied herself with another task outside the participant's field of vision.
The first 10 trials of the fourth block consisted of a unique random sequence of 5 signals to tap and 5 signals to halt. They were followed by the signal sequence H, T, T, and H in fixed order. During the last two signals, the new objects were presented. Each of the last two signals was displayed for 1400 ms. Depending on the experimental condition, 4 or 8 new objects were displayed. They were evenly distributed on the imaginary circumference of a circle with a radius of 38, with one new object always located at the 08 (top) position of the circle. The time of each key press was recorded time-locked to the onset of each signal (due to a technical restriction in the software used to control the experiment, the maximum number of key presses that could be recorded during one signal was 20).
Immediately after the last trial, the question:``Did you notice that something different appeared on the screen in the last trial? (y/n)'' appeared on the monitor. After the participants had typed in their answer, the next question appeared on the screen:``Please indicate the extent of surprise (if any) you experienced with respect to that change''. The participants rated their experienced surprise on an 11-point rating scale anchored with 0 = no surprise at all and 10 = as surprised as possible, and entered the corresponding number using the keyboard. Results Figure 2 shows the tapping performance within 1200 ms following the onset of a signal on start trials (a T following an H), continue tapping trials (a T following a T), and stop trials (an H following a T) for the nonsurprise trials. Taps were accumulated within 200 ms time bins. Each data point represents the mean number of responses that fell within the time bin; for example, the first data point in the left panel of Figure 2 indicates that within the first 200 ms after the onset of the signal, almost no tap was recorded.
The mean interresponse interval (IRI), an indicator of tapping speed, was 120 ms (SD = 23 ms) in the start trials, 130 ms (SD = 25 ms) in the continue tapping trials, and 122 (SD = 30 ms) in the stop trials. These results are comparable to those of previous experiments using the same tapping task and similar instructions (Horstmann, 2001 (Horstmann, , 2003 .
Mean reaction time (RT) to the T in a start trial was 401 ms (SD = 42 ms). In the stop trials, the last tap was recorded at an average 255 ms (SD = 53 ms) after the onset of the H. As argued elsewhere (Horstmann, 2001 (Horstmann, , 2003 , a reasonable estimation of stop reaction time (eSRT) as an analogue to RT can be obtained by adding half the mean IRI to the last tap time. Consistent with previous research, eSRT, with a mean of 316 ms (SD = 51), was considerably shorter than RT, t(32) = 9.94, p < .001 (tests were two-tailed unless otherwise stated). This is probably due to minor requirements in response planning and response execution for an action termination as compared to an action initiation (Horstmann, 2003) .
Whether the presentation of the new objects in the critical trial altered the tapping performance was tested in two ways. First, the total number of taps in the surprise trial was compared to the average total number of taps in the continue trials. Second, each bin in the surprise trial was compared with the corresponding bin in the precritical continue trials, to obtain information about the temporal characteristics of the interruption.
The presentation of the new objects dramatically changed the tapping performance. Significantly fewer responses were recorded in the surprise trial in the 4 stimuli condition, t(15) = 8.3, p < .001, and in the 8 stimuli condition, t(16) = 8.0, p < .001. The reduction tended to be more pronounced in the 8 stimuli condition (M = 6.2, SD = 3.2) than in the 4 stimuli condition (M = 4.6, SD = 2.2), t(31) = 1.6, p = .06 (one-tailed). Figure 3 shows the time course analysis for the two groups, with closed symbols depicting the performance in the critical trial, and open diamonds the performance in the continue tapping precritical trials. As t-tests revealed, performance was significantly lower in each 200 ms interval, even in the first interval, where the difference was smallest, ts (32) > 1.83, ps < .05 (one-tailed). To test whether the number of new objects influences the performance in the critical trial, the differences between each bin in the critical and in the precritical trials was computed as D crit . t-Tests revealed no differences in D crit between the two groups in the first three bins (0±600) and in the fifth bin (800±1000 ms), ts < 1; in the fourth and sixth bin (600±800 and 1000±1200 ms, respectively), however, D crit was significantly greater with 8 than with 4 new objects, ts (31) > 3.1, ps < .01. This result indicates that the interruption latency was not influenced by the number of objects, but that 4 objects tended to be analysed faster than 8 objects.
Using the criterion suggested by Horstmann (2001) , an interruption was defined as two successive 200 ms bins devoid of taps. According to this criterion, 26 of 33 participants (78%) interrupted the tapping. No significant difference between the frequency of interruptions with 4 vs. 8 objects was obtained (75% vs. 82%), w 2 (1; N = 33) < 1, Fisher's exact test, p = .46 (one-tailed). Of the seven participants who did not meet the criterion, five had at least one 200 ms interval devoid of taps, and only two participants had taps in all intervals. For those 26 participants who interrupted their tapping, the average last tap time was 162 ms (SD = 81 ms), which is considerably shorter than the average last tap time of the same participants in the nonsurprise trials (M = 254 ms, SD = 56 ms), t(25) = 5.8, p < .001. The number of stimuli presented had no significant impact on the last tap time, t(24) < 1.
For those participants who interrupted the tapping, the interruption duration was computed in the following way. If a participant interrupted the tapping but resumed it during the trial, the interruption duration was simply the difference between the times of the tap that defined the interruption (i.e., the last tap before the interruption and the first tap after the interruption). Alternatively, if a participant interrupted the tapping without resuming it, the interruption duration was the interval between the last tap and the disappearance of the letter (the continue signal that appeared simultaneously with the new objects). That is, the maximum possible interruption duration was 1399 ms, assuming that the last tap occurred 1 ms after the onsets of the letter and the new objects, and that tapping was not resumed until the next letter (i.e., the stop signal that was the last presented signal in the experiment) appeared. Although there was a tendency towards a somewhat longer interruption duration in the group with eight new stimuli, the difference was not significant, t(24) = 1.3, p = .21. The mean interruption duration was 974 ms (SD = 278 ms).
There was no significant difference in rated surprise between the two experimental conditions, t(31) < 1. The mean surprise rating was 7.0 (SD = 2.2), indicating medium to high degrees of surprise.
Discussion
The results of the present experiment confirmed the prediction that surprising events cause an interruption of ongoing processes, in particular of overt motor behaviour. The results are thus consistent with prior research (e.g., Meyer et al., 1991) and validate the interpretation of RT delays as indicating an action interruption in similar experiments. Indeed, about 80% of the participants interrupted the tapping according to a rather conservative criterion (two consecutive 200 ms bins devoid of taps), indicating a strong and robust phenomenon.
The interruption latency was low, with an eSRT of 223 ms, and last tap time was even shorter in the critical trial than in the precritical trials. The very short latency thus supports the assumption that the interruption is triggered involuntarily, that is, without involvement of conscious decisions. Note that due to the nature of the surprising event, with the unexpectedness relating to the mere presence of the new objects, this short latency probably constitutes a minimum and that for other surprising events, for example, when the presence of an object is expected but not its identity, the latency may well be longer.
The number of new objects had no significant effect on the interruption latency, or the rated surprise, and a weak (nonsignificant) influence on the duration of the action suspension, the duration being slightly longer with 8 than with 4 stimuli. The results concerning latency and duration were mirrored in the time course analysis, with no differences between 8 and 4 stimuli in the first three bins (0±600 ms), indicating similar onsets of the interruptions in the two conditions, but differences in later bins, probably reflecting the earlier resumption of the tapping in the 4 stimuli condition. This result indicates that the perceptual analysis, here manipulated by the number of presented stimuli, is a contributor to the duration of the action interruption, but not an important one. However, before this conclusion is accepted, alternative accounts should be considered. In particular, it may be contended that the objects presented in the critical trial were all the same. It is certainly possible that the stimuli were perceived as a group and thus analysed as one object (cf. Kahneman, Treisman, & Gibbs, 1992) . If this were the case, there would be little basis to expect differences between the two conditions. That is, the results may be different if the number of perceptually differing objects within a display is increased. This was tested in the following three experiments.
EXPERIMENT 2
In order to test the possibility that the number of stimuli per se may be less important than the number of different stimuli, the number of different stimuli was varied but the total number of stimuli presented was held constant. Thus, in the same stimuli condition, 4 identical stimuli were presented in the surprise trial. In contrast, in the different stimuli condition, 4 different stimuli were presented in that trial.
Method
Participants. Fifteen women and five men (age: M = 23.4, SD = 2.4) participated in this study. Compensation was 2 DM.
Design, materials, stimuli, and procedure. In the same stimuli condition, these were identical to the 4 stimuli condition in Experiment 1. In the different stimuli condition, the stimuli were: (a) a diamond within a rectangular frame, displayed by its outlines (the same stimulus that was used in the same stimuli condition), (b) the same diamond, but displayed as a solid block, (c) a square of the same size as the diamond in the frame, displayed by its outlines, and (d) the same square, but displayed as a solid block.
Results
Two participants, one from the same stimuli condition and one from the different stimuli condition, were excluded from data analysis because both had above average IRIs > 300 ms in start and continue trials and no tap in stop trials. Tapping performance of the remaining 18 participants in the nonsurprise trials was very similar to that in Experiment 1. Tapping speed, as measured by the mean IRI was 114 ms (SD = 21 ms) in the start trials, 123 ms (SD = 21 ms) in the continue tapping trials, and 111 (SD = 24 ms) in the stop trials. Mean RT in the start trials was 364 ms (SD = 35 ms). The last tap time was 222 ms (SD = 49 ms). As in Experiment 1, mean eSRT (M = 277 ms, SD = 54 ms) was significantly shorter than mean RT, t(17) = 8.4, p < .001.
In the surprise trial, the number of responses recorded until 1200 ms after signal onset was significantly reduced in the different stimuli condition, t(8) = 5.8, p < .001, and in the same stimuli condition, t(8) = 5.8, p < .001. The reduction was stronger with different stimuli (M = 8.0, SD = 2.7) than with same stimuli (M = 5.2, SD = 2.7), t(16) = 2.2, p = .02 (one-tailed).
The tapping rate was significantly lower than in the corresponding nonsurprise trials within all 200 ms intervals, ts(17) > 2.4, ps < .05, except the first one, t(17) < 1. To test whether the number of different objects influences the performance in the critical trial, D crit was computed for each bin as the differences between the critical and the precritical trials. t-Tests revealed significant or marginally significant differences in D crit between the two groups in all bins but the first one and the third one [1st bin, t(16) < 1; 2nd bin, t(16) = 2.08, p = .03; 3rd bin, t(16) < 1; 4th bin, t(16) = 2.26, p = .02; 5th bin, t(16) = 2.24, p = .02; 6th bin, t(16) = 1.74, p = .05; all tests one-tailed]. In each case, the reduction in tapping performance was higher with different stimuli.
Fifteen of the 18 participants (83%) interrupted the tapping. There was no significant difference in the frequency of interruptions between the same and the different-stimuli condition (78% vs. 89%), w 2 (1; N = 18) < 1, Fisher's exact test, p = .50 (one-tailed).
The last tap time (for those participants who met the criterion for an interruption) was 146 ms (SD = 123 ms). Last tap time was significantly lower in the surprise trial than in the nonsurprise trials (M = 234, SD = 44 ms), t(14) = 2.7, p = .009 (two-tailed).
The number of different objects did not significantly affect the last-tap time in the surprise trial, t(13) < 1. There was also no difference between the two experimental conditions for the surprise ratings, t(16) = 1.1. The mean surprise rating was 7.7 (SD = 1.5). Finally, there was no difference between the two experimental conditions for the interruption duration, t(13) = 1.1. The mean duration was 1074 ms (SD = 265 ms)
Discussion
Experiment 2 replicates the very fast action interruption found in Experiment 1, again even faster than the intentional interruptions in the precritical trials and a with eSRT of only 201 ms. The number of different objects had a significant impact on the action interruption in two of three analyses: The total number of key presses recorded in the critical trial was lower for the 4 same objects than for the 4 different objects, and there were significant differences between the two groups in D crit . There was also a numerical difference in the computed average duration of the action suspension of 148 ms, which was, however, not significant. The reason for the latter result (i.e., the failure to find a difference in the average duration) is probably due to the fact that this parameter is computed only for those participants who interrupted as determined by the 2 empty bins criterion. Together with the first experiment, the results so far reveal that the difficulty of the perceptual analysis has its impact on the duration of the action interruption, although it is not the most important determinant.
In Experiments 1 and 2, the surprising stimuli resembled the target display in that all had the frame as a common element, and both comprised horizontal and vertical lines. Thus, some aspects of the obtained results might have been due to the similarity of the target display and the surprising stimuli. For example, with surprising stimuli resembling the action-relevant target display, it might be especially difficult to decide that the surprise stimuli are action-irrelevant (cf. Meyer et al., 1997) . The aim of Experiment 3 was to test the validity of this contention. Thus, the surprising stimuli were chosen to be dissimilar to the target display: Schematic facial expressions of emotion. Analogous to Experiment 2, the number of different faces was varied as a between-participants factor.
Method
Participants. Fourteen women and six men (age: M = 24.4, SD = 4.4) participated in this study. Compensation was 2 DM.
Design, materials, stimuli, and procedure. These were exactly the same as in Experiment 2; only the stimuli differed. In the same stimuli condition, all four stimuli were neutral faces. In the different stimuli condition, a sad, a surprised, and a friendly face were presented in addition to the neutral face. The faces were computer-generated line drawings taken from an article published by Musterle and Ro Èssler (1986; see also Horstmann, 2001) . Figure 4 shows the display in the surprise trial in the different-stimuli condition.
Results
Tapping performance in the non-surprise trials was very similar to that in the previous experiments. Mean IRI was 110 ms (SD = 23 ms) in the start trials, 121 ms (SD = 27 ms) in the continue tapping trials, and 113 (SD = 30 ms) in the stop trials. Mean RT in start trials was 381 ms (SD = 40 ms). Mean last tap time was 248 ms (SD = 46 ms). As in Experiment 1, mean eSRT (M = 304 ms, SD = 43 ms) was significantly shorter than mean RT, t(19) = 8.6, p < .001.
The number of responses was significantly lower for the surprise trial than for the nonsurprise continue tapping trials in the same stimuli condition (4.6 vs. 11.4), t(9) = 8.3, p < .001, and in the different stimuli condition (3.7 vs. 9.2), t(9) = 6.0, p < .001, with no difference between the two groups, t(18) = 1.0. The tapping rate was significantly lower as compared to the corresponding nonsurprise trials within all 200 ms intervals, ts(19) > 2.1, ps < .05, except the first one, t(19) < 1.1. t-Tests revealed no differences in D crit between the two groups in neither bin, ts < 1.48.
Nineteen of the 20 participants (95%) interrupted the tapping, although one of these 19 persons might not have interrupted automatically but rather voluntarily, as the last tap time was unusually long (881 ms). There was no significant difference in the frequency of interruptions between the same and the different stimuli condition (100% vs. 90%), w 2 (1; N = 20) < 1, Fisher's exact test p = .50 (one-tailed).
The last-tap time (for the 19 participants who met the criterion for an interruption) was 184 ms (SD = 191 ms). This last-tap time failed to be significantly lower in the surprise trial than in the non-surprise trials (M = 246, SD = 46 ms), t(18) = 1.4, p = .18 (two-tailed).
The number of different faces did not significantly affect the last-tap time in the surprise trial, t(17) < 1. There was also no difference between the two experimental conditions for the surprise ratings, t(18) = 1.1. The mean surprise rating was 8.0 (SD = 1.3). Finally, there was no difference between the two experimental conditions for the interruption duration, t(17) < 1. The mean duration was 949 ms (SD = 332 ms).
Discussion
Experiment 3 obtained results qualitatively similar to those in Experiments 1 and 2 with respect to the frequencies and the latencies of interruptions, although it differed from Experiments 1 and 2 in that no difference in interruption duration was found (see below). Nearly all participants interrupted the tapping in the surprise trial. The interruption latency was very short, although the interruption tended to start somewhat later than in the previous experiments. Experiment 3 generalises the results of Experiments 1 and 2 to a very different stimulus material consisting of irregular, curved lines, rather than geometric figures. Because the parameters (i.e., latency and duration) of the interruption were very similar in all three experiments, it appears rather implausible that the high similarity between the new objects and the target display is an important factor for the interruption.
The mean interruption duration was again about a second. No differences were obtained in the dependent variables between the same and the different stimuli condition. A possible explanation for the absence of a difference-effect may be that the identity of the stimuli in the same stimuli condition in Experiment 2 was very salient due to the simplicity of the stimuli, whereas in the present experiment, the similarity was masked by the complexity of the stimuli.
EXPERIMENT 4
In Experiments 1±3, multiple objects were presented in both experimental conditions. The aim of Experiment 4 was to test the effect of this feature. Thus, in the multiple stimuli condition, participants received multiple new stimuli as in the previous experiments. In contrast, in the single condition, only one stimulus was presented in the surprise trial.
Method
Participants. Sixteen women and eight men (age: M = 22.5, SD = 3.6) participated in this study. Compensation was 2 DM.
Design, materials, stimuli, and procedure. In the multiple stimuli condition, these were exactly the same as in the different stimuli condition of Experiment 2. The only difference within the single stimulus condition was that only one new object was presented in the surprise trial. Each of the four different objects presented in the multiple stimuli condition was presented to three participants. The position of this object was always congruent with its position in the multiple condition.
Results
Tapping performance in the nonsurprise trials was very similar to that in the previous experiments. Mean IRI was 115 ms (SD = 22 ms) in the start trials, 124 ms (SD = 26 ms) in the continue tapping trials, and 116 (SD = 29 ms) in the stop trials. Mean RT in start trials was 392 ms (SD = 55 ms). Mean last tap time was 255 ms (SD = 67 ms). Mean eSRT (M = 313 ms, SD = 75 ms) was significantly shorter than mean RT, t(23) = 5.9, p < .001.
In the surprise trial, the number of responses recorded until 1200 ms after signal onset was significantly reduced in the single stimulus condition, t(11) = 4.6, p < .001, and in the four different stimuli condition, t(11) = 6.5, p < .001. The reduction was significantly stronger with a single stimulus (M = 6.2, SD = 3.3) than with four different stimuli (M = 2.7, SD = 2.0), t(24) = 3.1, p = .003 (one-tailed).
In the surprise trial, tapping rate was significantly lower as compared to the corresponding nonsurprise trials within all 200 ms intervals, ts (23) > 4.0, ps < .001, except the first, t < 1, and the last one, t(23) = 1.5, p = .08 (one-tailed). Except for the first and the second bin, D crit was significantly higher in the multiple condition, ts (22) > 2.10, p < .02 (one-tailed). In the second bin, D crit tended to be higher in the multiple stimuli condition, t(22) 1.62, p = .06 (onetailed). In the first bin, there was no difference, t < 1.
Thirteen of the 24 participants (54%) interrupted the tapping: four in the single-stimulus condition and nine in the multiple stimuli condition. This difference was significant, w 2 (1; N = 24) = 4.2, p = .04. The last tap time (for those participants who met the criterion for an interruption) was 136 ms (SD = 80 ms). The last tap time was significantly lower in the surprise trial than in the nonsurprise trials (M = 242, SD = 41 ms), t(12) = 4.4, p = .001.
Participants in the single stimulus condition tended to stop earlier than in the multiple stimuli condition as indicated by their last tap times (74 ms vs. 164), t(11) = 2.2, p = .05 (two-tailed). There was no difference between the two experimental conditions for the surprise ratings, t(21) = 1.3 (one missing value). The mean surprise rating was 6.2 (SD = 2.2). However, the difference between the two experimental conditions for the interruption duration was significant, t(11) = 1.8, p = .05 (one-tailed). The mean duration (for those participants who met the criterion for an interruption) was longer in the multiple stimuli condition than in the single stimulus condition (1064 ms vs. 796 ms).
Discussion
Experiment 4 confirms and strengthens the assumption that the processing demands imposed by a surprising event are higher if it comprises several different objects rather than one single object, and that this additional demand lengthens the action suspension. The presentation of the single stimulus resulted in less enduring suspensions of the tapping that the presentation of multiple stimuli. The shorter duration of the suspension was probably also the reason why fewer participants met the criterion for an interruption at all in the single stimulus condition.
GENERAL DISCUSSION
Four experiments examined the presence, the latency, and the duration, of the action interruption induced by a surprising event (see Table 1 ). On average, 78% of the participants interrupted the tapping. That is, the first aim of the present experiments, to directly demonstrate the interrupt function of surprise by an interruption of a continuous action was highly successful.
Several characteristics of surprising events were found to be especially effective or ineffective in inducing a clearly detectable action interruption. In particular, many different stimuli are more effective than one single stimulus, and schematic line drawings of facial expressions are particularly effective. As postulated in the introduction, the likelihood of interruptions as a consequence of surprising events are a joint function of: (a) their potential to elicit surprise at all, that is, the degree of expectation discrepancy, and (b) the duration of the processes of stimulus analysis (exploration and perception), appraisal (attribution and interpretation), and schema updating (learning). The first component of the function (i.e., schema discrepancy) triggers the interruption, whereas the second component (i.e., processes unfolded during the action suspension), if sufficiently enduring, renders the interruption more or less conspicuous: The action suspension must have some minimal duration to be distinguishable from the naturally occurring IRIs between the key depressions during the tapping task. Both factors will be discussed later after evaluating the results concerning the interruption latency.
That the action interruption was involuntary is implied by the fact that the interruption occurred despite the presence of a continue tapping signal. More precisely, the interruption was contrary to intentions (assuming that the intentions of the participants conformed to the instructions, which emphasised that Note: eSRT, & timation of stop reaction time. Exp. 1 = 4 vs. 8 geometric objects; Exp. 2 = same vs. different multiple geometric objects; Exp. 3 = same vs. different multiple nongeometric objects (faces); Exp. 4 = 1 object vs. 4 objects. tapping should not be interrupted or suspended until the presentation of a stop signal). This result supports the hypothesis that the action interruption in surprise is automatic and not intentional, as implied by the evolved surprise-module hypothesis.
Interruption latency
The interruption latency in the present experiments was very short, with an average of 214 ms for the estimated stop reaction time in the critical trial. Moreover, the interruption latency in the critical trial was also shorter than the latency for intentional interruptions in the precritical trials. This short latency is consistent with the assumption that the components of surprise are controlled by an evolutionary ancient surprise-module that is activated reflexively by the discrepancy-detection process.
The short latency of the action interruption can be compared with the latencies of other processes that are similar with respect to their probable evolutionary origin and their hard-wired, reflexive nature. First, with an average of about 200 ms, the action interruption is remarkably slower than an eye-blink instigated by a loud noise in startle (which is below 50 ms for auditory probes, e.g., Larsen, Ruffallo, Nietert, & Davidson, 2000, and about 50±80 ms for visual probes, e.g., Blumenthal et al., 2005) . This is consistent with the assumption that the mechanisms underlying startle and the action interruption in surprise are different (e.g., Charlesworth, 1969; , and is inconsistent with the assumption that startle is a stronger variant of surprise (Tomkins, 1962) . Of course, the surprise stimuli in the present experiments did not instantiate startle probes, because their intensities were far too weak. Also, startle responses can be elicited repeatedly with the same stimulus, whereas frequently repeated events lose their surprising character Schu Ètzwohl, 1993) .
The latency of the action interruption can also be compared with the latency of the orienting response (OR). The OR is often supposed to occur in conditions similar to those assumed here for surprise (e.g., O È hman, 1979), although probably not all stimuli that elicit an OR also elicit surprise (cf. . In particular, the OR is often examined by presenting a stimulus that perceptually deviates from preceding stimuli, because it is assumed that the OR is triggered by the discrepancy between the OR stimulus and the preceding stimuli, which is similar to the hypothesised conditions of surprise. On the other hand, the OR is often tested with repeated presentations of the same orienting stimulus, implying that the orienting stimulus is not unexpected, but rather awaited or anticipated (notwithstanding that the temporal position of the OR stimulus within the stimulus sequence may still be unpredictable). In contrast, theoretical consideration and empirical evidence suggest that surprise cannot be elicited repeatedly with the same stimulus (Horstmann & Ansorge, in press; Schu Ètzwohl, 1993) .
Regarding the latencies of indices of surprise and the OR, it appears that the physiological changes that index the OR are usually an order of magnitude slower than the action interruption. For example, the bradycardia (heart rate deceleration) evoked by a stimulus change starts not earlier than 1500 ms after the stimulus with an announced change, and around 500 ms with an unannounced change (Niepel, 2001, fig. 3 ). The same is true of the galvanic skin response, where changes are scored within a time window of several (e.g., 1±5) seconds after stimulus onset (Barry, 1990; Niepel, 2001) , although the increase in skin conductance appears to begin about 1000±1500 ms after stimulus onset (Barry, 1990, fig. 2 ). That is, as compared to these components of the OR, the interruption latency of 220 ms is relatively short. Of course, these generalisations should be regarded with caution because they are based on comparisons between different experimental paradigms and stimuli; future research may compare the latencies of the components of surprise and related psychophysiological states directly within the same paradigms. This is particularly relevant because the inhibition of ongoing activity has been postulated for the OR, though little or no direct experimental evidence has been obtained to date (cf. Rohrbaugh, 1984) .
The interrupt latency of about 200 ms in the present experiments is consistent with previous studies using the RT delay as the index of action interruption (e.g., Meyer et al., 1991; Niepel et al., 1994 , Schu Ètzwohl, 1998 . In these studies, a surprising stimulus had only a very weak delaying effect on RT when presented simultaneously with the target of the RT task, but a strong delaying effect when presented 500 ms in advance. Niepel et al. (1994) found a corresponding effect with an auditory stimulus and a SOA of 200 ms. Horstmann (2002; in press-a) assessed the latency of another component of surpriseÐthe refocusing of attentionÐand derived an estimate of 300±400 ms. The different estimates could be due to different types of surprising events. Horstmann's (2002) participants basically searched for a red target letter among red distractor letters in the precritical trials, and the surprise stimulus was a green target letter among red distractor letters in the critical trial. The surprising event was thus solely defined by colour difference (i.e., it was discrepant to expectancy only with respect to colour), whereas the presence of a stimulus at that spatial position was expectancy-congruent. This is different from the present experiments, where the mere presence of the stimuli was presumably expectancy-discrepant. The obtained differences in latencies are consistent with the hypothesis that the choice of the surprise stimuli has some influence on the interruption latency, and that the latency of the action interruption is at its minimum if the very arrival of new objects is expectancy-discrepant.
The detection of the onset of a new stimulus is presumably an elementary and fast process (Breitmeyer & Ganz, 1976) , and new objects have even been assumed to capture attention in their own right (``onset capture''; e.g. Enns, Austen, Di Lollo, Rauschenberger, & Yantis, 2001; Yantis, 1993; Yantis & Hillstrom, 1994 ; but see Folk, Remington, & Johnston, 1992 . Thus, information about the appearance of a new object may be faster available to the discrepancy detector than other information about the object (such as colour). Alternatively, the new objects may have quickly attracted attention due tò`o nset capture'' (i.e., prior, or parallel to``surprise capture'', that is, the attraction of attention by surprising stimuli). Whether onset capture is possible under the present experimental conditions, however, is debatable. Onset capture requires attention to be distributed over the visual field, and fails to show up if attention is already focussed on a particular spatial position (Theeuwes, 1991; Yantis & Jonides, 1990) , unless the new object shares perceptual features of the to-be-attended-to stimulus (Folk, Leber, & Egeth, 2002) . In the present experiments, attention was not spatially distributed over the screen area where the new objects appeared, but focussed on the area where the letters appeared. The letter signals were rather small and the identification of letters is usually thought to require focused attention (e.g., Treisman & Gelade, 1980) . Moreover, the letters appeared in a restricted area in the centre of the display with no spatial uncertainty about the spatial position of the next letter. Similarity between the new objects and the task-relevant letters (or the frame that surrounded them) was also not a pertinent factor for the interruption, as the new objects interrupted the tapping even when they were maximally dissimilar to the to-be-attended-to signals T and H, or to the frame in which the signals appeared (Experiment 3). Thus, there are reasons to doubt that onset capture alone can explain the short interruption latency in the present experiments.
Interruption duration
The mean interruption duration was about 1 second, but was influenced by the number and the heterogeneity of the surprise stimuli. This was predicted on the assumption that the interruption duration is influenced by the duration of effortful processes of the analysis, evaluation, and schema integration of the surprising events. This assumption was confirmed in several experiments (e.g., Horstmann & Schu Ètzwohl, 1998; Meyer et al., 1997; Schu Ètzwohl, 1998) . Whereas prior experiments predominantly tested the cognitive processes of stimulus evaluation and schema change, the present experiments were aimed at testing the perceptual processes of stimulus analysis, which are assumed to be the precondition for the more complicated higher level processes (cf. Meyer et al., 1997) . It was reasoned that manipulations of the number and heterogeneity of stimuli primarily changed the demand for their perceptual analysis. Both the number of stimuli and their homogeneity had some nontrivial impact on the interruption duration, amounting up to about 250 ms or 25% of the total interruption duration in Experiment 4. This implies, in turn, that at least 75% of the total interruption duration is due to other processes, most probably to appraisals and schema-change processes.
The assumption that the variations in the stimuli affect the stimulus analysis exclusively is probably an oversimplification, but at present there is little basis to predict other effects. One might think that some of the variations affected the duration of the schema-updating processes. However, schema strength, which is a schema's resistance to change (Horstmann & Schu Ètzwohl, 1998; Schu Ètzwohl, 1998) , was constant for all participants: All saw the same number of precritical trials and the same degree of stimulus variability in the precritical trials (cf. Schu Ètzwohl, 1998). Moreover, according to schema theories (e.g., Rumelhart, 1984; Schu Ètzwohl, 1998) , the effort to incorporate 4 or 8 identical stimuli (Experiment 1) into the schema should be the same, becauseÐother things being equalÐthe number of the stimuli would be stored as a value in a variable. Also, the heterogeneous stimuli (Experiments 2 and 3) would be represented by a variable while the homogenous stimuli would be represented by a constant (cf. Schu Ètzwohl, 1998) .
Is the action interruption caused by the reorienting of attention?
The orienting of attention and the interrupting of cognitive and motor processes are assumed to be partly linked in function: The orienting of attention provides access to higher level processes, and the interruption frees the processing mechanism from other potentially interfering cognitive processes. Note that this functional linkage is not necessarily complete, because the action interruption may serve other functions as well: Most importantly, because a surprising event may require immediate action, it would be advantageous if the cognitive-motor action-execution processes were not occupied with other motor tasks (Pashler, 1994) . Moreover, suspending action may be a protective response, preventing the organism from further approaching the yet nonappraised unexpected object, or preventing the organism from attracting the attention by a possible animate originator of the surprising event sensitive to movements.
It is possible that the mechanisms of orienting and interrupting are not only functionally linked, but also causally. In particular, the action interruption may be nothing else than the reflection of the withdrawal of processing resources caused by the reorienting of attention. When considering this possibility, it is important to recall that attention is used to denote different mechanisms in different contexts, and is not a unitary concept. One concept of attention is that of a mental spotlight that can be used to highlight stimuli successively in order to allow a faster and more accurate perceptual analysis (e.g., Posner, 1980) . For attention conceived in this way, shifts of attention should automatically interrupt motor processes only if the motor processes directly depend on continuous visual input. For example, if the task is to follow an unpredictably moving stimulus on a computer screen with the mouse cursor, orienting attention away from the moving stimulus will reduce the accuracy of the pursuit performance. In contrast, continuous tapping, as many other activities like walking or bicycling, do not directly depend on visual input, and therefore, attention may be focused anywhere in space during the execution of these acts. For this reason, the mere shift of visuospatial attention to the new objects in the critical trial of the present experiments cannot adequately explain the action interruption.
Another concept of attention is that of a processing resource that is necessary for action control. For example, according to bottleneck models of attention (e.g., Pashler, 1994; Welford, 1952) , attention is needed for the selection of responses among alternatives, or for the initiation of the selected response (response selection/initiation, in turn, is assumed to be strictly limited, constituting a bottleneck for processing). This concept of attention is relevant for the analysis of the interruption in surprise because, from an evolutionary perspective, it would be highly adaptive to free the processing resources necessary to evaluate different possible courses of action, and to initiate one of them quickly. In other words, demanding the resources for response selection and initiation would be a prime candidate for a biological function of the action interruption. However, in the present case it is rather unlikely that the interruption was caused by the withdrawal of the response selection and initiation resources, because in the tapping task, these resources are needed only when the course of the action is changed, that is, when the tapping is started or stopped (Horstmann, 2003) . Indeed, tapping is a classic example of a simple action that is barely demanding (Pashler, 1994) , which can be easily demonstrated by trying to tap while thinking or doing mental arithmetic. To emphasise, in simple, repetitive activities like tapping, walking, or cycling, we do not have to pay attention to the action, but can have the action run on autopilot (Logan, 1994) .
The present discussion reveals that prominent views on attention do not support the possibility that the action interruption is the mere consequence of attending elsewhere. A possible problem pertaining both to the experimental data and to the theories is that only expected events have been considered. It is possible that attending to expected events is so little demanding that relatively automatic processes are not disrupted, whereas the demand of attentional resources by unexpected events is so high that even processes that run on the metaphorical autopilot are disrupted.
Surprise ratings
The rated surprise in the present experiments was remarkably high, with a mean rating of 7.2 on a scale ranging from 0 to 10, indicating a high degree of surprise. The high surprise ratings render the concern unconvincing that the participants were not actually surprised but reported surprise only because of demand characteristics of the experimental setting. Previous research, using similar experimental tasks (i.e., computer controlled RT tasks) and similar rating scales to assess subjective surprise already revealed that the mean surprise ratings were close to zero when no unexpected event was presented in the experiment (e.g., Meyer et al., 1991; Schu Ètzwohl, 1998) . This indicates that the demand characteristics to indicate surprise untruly are not very high in this type of setting. A more sophisticated concern might be that the presentation of an unexpected event itself induces demand characteristics to report surprise, because the connection between unexpectedness and surprise is part of the semantics of the concept of surprise. However, in this case, it should have been sufficient to indicate a low degree of surprise to conform to the demand characteristics. Finally, the experimenter was not interacting with the participants, thus minimising social influence. To conclude, the overall setting did not encourage participants to make the surprise ratings according to assumed expectations of the experimenter. Rather, it is reasonable to assume that the presentation of the new objects, though instantiating a very simple type of unexpected event, truly elicited surprise.
Is surprise an emotion?
As already noted by Desai (1939) , there is no agreement among theorists on the question whether surprise is an emotion. Evolutionary oriented researchers usually answer the question in the affirmative: surprise is an emotion, or more precisely, a basic emotion, because surprise solves a specific adaptive problem (e.g. Darwin, 1872; Meyer et al., 1997; Plutchik, 1980) . Additional evidence from an evolutionary perspective is that surprise is one of the six or seven emotions that are signalled by inborn, universal facial signs (``facial expressions of emotion''; e.g., Ekman, 1992) . However, some theorists do not regard surprise as an emotion, because according to their definition, emotions are always valenced, and surprise can be neutral as well as positive or negative (e.g., Lazarus, 1991; Ortony, Clore, & Collins, 1988) . For example, Lazarus (1991) argues that emotions arise after events are appraised as relevant for the organism's well-being, which is not true for surprise (i.e., surprise is elicited by expectancy discrepancy before an evaluation of implications for well-being). According to Lazarus, surprise is a preemotion that prepares the organism for emotion-relevant appraisals.
As pointed out by Meyer, Reisenzein, and Niepel (2000) , classification of surprise as an emotion or nonemotion often relies exclusively on one single criterion (e.g., the presence of a characteristic facial expression, hedonic valence, or relevance for well-being of the perceiver). Meyer et al. (2000) suggest that using several converging criteria for prototype emotions is more adequate (see also, Russell, 1991) . Surprise shares many attributes of prototype emotions: (a) an unique qualia, that is, subjective experience, which can vary in intensity, (b) object-directedness, that is, one is usually surprised about some-thing, (c) elicitation through a certain stimulus evaluation or appraisal, (d) expression through a characteristic facial display, (e) a plausible function that solves a recurrent adaptive problem, (f) an old phylogenetic origin. Because surprise shares so many attributes with emotions like happiness, anger, fear, or sadness, Reisenzein, Meyer, and Schu Ètzwohl (1996) have suggested that research on surprise may even become a paradigm for emotion research in much the same way as conditioned fear already is (e.g., LeDoux, 1998) . The advantages for examining surprise are: (a) it can be elicited relatively easily in the laboratory, with the advantages of precise stimulus control, in particular with respect to timing; (b) because it can be elicited in the laboratory, it is possible to assess surprise with a number of different methods, including self-reports, physiological data, nonverbal expressions, and behavioural data, such as the focusing of attention and the interruption of ongoing behaviour; (c) because surprise is not harmful or strenuous, ethical problems regarding emotion induction with human participants can be largely avoided.
The present experiments were intended as a further step in the direction of an in-depth analysis of surprise. They introduce a new paradigm with one observable indicator of surprise that can be easily and reliably measured, and they set a first stage for a process analysis of changes induced by surprising events in terms of their temporal patterning. 
